INTRODUCTION
Many semiquantitative methods of spectrochemical analyses have been described, but only a selected few publications are reviewed for the present discussion.
Waring and Annell (1953) described a semiquantitative method for the determination of 68 elements in minerals, rocks, and ores. Solutions of known concentration were prepared for use as standards. Results were reported to whole orders of magnitudes, that is, 0.0001-0.001, 0.001-0.01, 0.01-0.1, 0.1-1.0, 1.0-10., and 10 + . Hodge and Baer (1956) described a rapid matching technique for the determination of 40 elements ranging in concentration from 0.0001 to 30 percent. They used a transparent intensity scale mounted on the screen of a projection comparator. A table of intensities measured by this scale was prepared for the 40 elements. Results were reported to K of an order of magnitude, that is, 0.0001,0.0003, 0.001,0.003 ... to 30 per-207 Optics: Arc image focused on the collimator, using a mask to select the central 2-3 mm portion of the arc. A cylindrical quartz lens is used in front of the slit.
APPARATUS AND OPERATING CONDITIONS

PREPARATION OF STANDARDS
The materials used in preparing the powders for the standards are shown in table 9. The details for preparing a few example standards are also given at the end of this report. The method of standard preparation is an outgrowth from methods used by Fleischer and others (1952) , as described in the quantitative work done on bauxites from Arkansas. All the matrix materials were tested spectrographically before use, and any that lacked the required purity were discarded. The quartz used was relatively clear crystal quartz from Arkansas. The alumina was a high-purity grade made by Linde Air Products Company. The sodium carbonate, cobalt and iron oxides were of the highest purity supplied by Johnson, Matthey, & Co., Ltd. of London. The feldspars used were chosen on the basis of their low trace-element content. Some of these feldspars were collected with the help of Mortimer H. Staatz and John W. Adams of the Geological Survey. The feldspar (low in lead content) used in the lead standard was supplied by K. J. Murata. Brazilian kyanite was used as a substitute for feldspar in standard 4 M because of its lower trace element content.1 The elements to be determined were generally added to the standards as the oxides, obtained from Johnson, Matthey, & Co., Ltd.
i It was possible to tower the trace element content of the kyanite as received from Wards, by crushing and extracting with strong add (HC1 or HNO«) solution. After repeated washing with distilled water, the product was dried at 110° C and analyzed spectrographically for trace elements Two large batches (300-400 g) nave been successfully processed.
CONTRIBUTIONS TO GEOCHEMISTRY
The dilution-grinding technique used for preparing these standards is critical. The standard mixtures are ground to an impalpable powder. It is most important that the matrix powder used for dilution should always be prepared as a coarse 10-20 mesh powder to act as a grinding-homogenizing agent when ground with the standard mixture.
As shown in table 9, the 68 elements are so grouped that only 20 sets of standards are required. In each set, the compounds in powdered form containing the elements are diluted with matrix material so that the percentage of each element decreases geometrically by a factor with the value of the reciprocal of the' cube root of 10 (It)"*) from 1.0 percent to 0.0001 percent or lower. (See table 3 for values of standards in percentage to 2 significant figures.)
These standards have been cross checked for many elements by quantitative comparisons with other independently prepared standards.
PREPARATION OF PLATES OF STANDARDS
The standard powders are weighed on a small torsion balance in 10-mg amounts, then each 10-mg portion in turn is mixed in a weighing pan with 20 nag of pure graphite by means of a disposable toothpick, and transferred into the electrode cavity. The weighing pan is made from light-weight aluminum sheet and is designed for convenient mixing of powders as well as for delivering the mixture into the electrode cavity without spilling. The standard and graphite mixture is packed into the electrode with an aluminum or graphite tamping rod, sufficient pressure being exerted to pack the charge tightly into the cavity.
It is important that the technique throughout the procedure be the same for the standard powder as for the unknown. Before arcing the standard with the direct-current arc, the electrodes containing the standard are exposed about 15 minutes under an infrared lamp to remove moisture that might prevent complete burning in the arc.
For each set of standards, a photographic record is made of the 20 inches of spectra between 2250 and 4750 A. One long photographic plate would suffice for the purpose, but the problems of obtaining and handling such a plate made preferable the use of two plates, each 10 inches long. Plates 2 inches in width were used in this work because of the comparator available. An example pair of 2-by 10-inch reference plates, designated as A and B, has the following spectra: iron arc; matrix blank containing 1.0 percent Fe^; a mixture of 35 elements, called the X mixture for aid in finding the sensitive lines of these 35 elements (an R.U. powder commercially available could be used); and dilution series (table 10) of one of the standards. For example, reference plate No. 1 has 13 spectra of the standard dilution series 1 M in addition to spectra for X-mix, matrix blank, and iron; This example includes copper, nickel, cobalt, zirconium, titanium, and manganese in concentrations from 0.0001 (1 ppm) to 1.0 percent. Although this standard is made to cover the range from 0.0001 to 1.0 percent, the limits of detection of these elements vary as follows: Cu, 0.0001; Ni, 0.0003; Co, 0.0005; Zr, 0.001; Ti, 0.0002; and Mn, 0.0002 percent. Depending on the limits of detection of the specific elements, other standard sets may cover such ranges as 0.001 to 1.0 or 0.01 to 10.0 percent, whichever proves most useful for routine analysis. Additional standard plates are made for concentrations above 1 percent.
A large batch of Eastman III-O plates, both 2 by 10 inches and 4 by 10 inches, A-thin should be ordered at one time, all of the same emulsion number. The plates of the type used have been found sufficiently uniform throughout any given batch of the same emulsion number. When plates are ordered in large numbers (as a batch of 20 dozen 4 by 10 inches and 10 dozen 2 by 10 inches), the added precaution of storing unused plates at low temperature ( 17.8° C or 0° F) is shown by Feldman and Ellenburg (1956) to prevent emulsion fogging with time. When changing from one emulsion number (batch) to a new one, the iron lines of Crosswhite (1950) are used as a control for plate emulsion light response. Several plates from each batch are checked for radiation response by arcing a given weight of FeaOs (1.0 percent) incorporated in a quartz-feldspar matrix. Plate response is determined by densitometer reading of about 13 selected iron lines. A new batch of plates might require a change in the intensity control filter, that is, from 50 to 64 percent transmission, without re-exposing the complete set of standard plates. By this means a more constant emulsion response may be maintained to element radiation, which in turn results in greater precision. It is usually not necessary to remake plates of standards more than once a year. Table 1 shows the spectral lines useful for this work. The actual line used in any one determination is dependent upon the concentration range, interfering elements, and major elements present. The limits of detection for the elements are shown in table 2. Some combinations of elements affect the detectabilities. Approximate values are given. In unusually favorable materials, concentrations somewhat lower than the values given may be detected. In unfavorable materials the given detectabilities may not be attained for some of the elements. 
SPECTRAL LINES USED AND VISUAL LIMITS OF DETECTION
PREPARATION AND ANALYSIS OF UNKNOWNS
A 10 mg sample, ground to at least 100 mesh, is mixed thoroughly with 20 mg of pure graphite in the weighing pan (as described under Preparation of plates of standards) and transferred to the cavity of an electrode. The unknown samples are arced for 120 seconds, the time found which represents burning to completion for most samples. The same time was then chosen for arcing the standard powders, to provide similar exposures on a pair of 4-by 10-inch type III-O spectroscopic plates. If the unknown varies widely in composition from the standards, in which silica predominates, a dilution is made by adding pure quartz plus 5 or 10 percent sodium carbonate. This is done to convert the unknown to a sample more closely approximating the syn- 3. By dilution of 1 part of sample with 9 parts of 95 percent quartz and 5 percent sodium carbonate, the reading is shifted by three brackets.
The method can be extended to the red region of the spectrum, 6050-8550 A, by making an extra exposure with a second prepared electrode on 1-N plates. This is necessary for the determination of lower concentrations of the alkalies, cesium, lithium, potassium, rubidium, and sodium, as shown in parentheses in table 2.
Spectra of (a) iron arc, (b) an .XT-mix (or R.U. powder), and (c) a feldspar matrix containing 1 percent ferric oxide are recorded on each plate for analytical work with the same technique as was used for the plates for standards. There is room enough for 35 to 38 exposures of unknown samples on each pair of 4-by 10-inch plates.
The processed plates to which unknown samples have been exposed are compared with the previously described plates for standards in an optical comparator which allows the analyst to bring images of spectra of unknowns adjacent to images of the standard spectra for direct comparison of line intensity. A comparator giving an image of 20 X magnification on a screen is convenient for this work.
The actual operation of reading a plate consists of locating the position of the specific lines of an element (table 1) in the unknown's spectrum and noting whether the element is presenf. If present, the line intensities are visually compared with corresponding line intensities on the standard plates to find lines of next lower and next higher concentration. Spectra from Jf-mix samples included on both standard and sample plates are used for orientation. After an element's concentration is bracketed, it is reported following the scheme shown in table 3. The number thus reported represents a concentration lying between two concentrations taken from line intensities on the standard plate. If a line of the sample apparently matches a line of the standard, the arbitrary convention is followed of reporting the greater concentration bracket.
Interference with the analytical line used by nearby element lines is normally checked by reference to wavelength tables (Massachusetts Institute of Technology, 1939) . While this interference is not very common for geologic materials, the possibility should always be checked. When analyzing for trace elements in minerals, especially of uranium or thorium minerals, precaution is required to avoid line interference.
METHOD OF REPORTING RESULTS
The numbers used for reporting semiquantitative results and the concentration ranges they represent are shown in table 3. The two significant figures in the second column refer to the concentration, of SPECTROCHEMICAL METHOD ANALYSIS OF EOCKS 217 the standard. They should not be confused with the precision of the method, which is more properly shown by the method of reporting results given in the first column.
An estimate of the concentration of an element is thus based on an estimate of a line intensity for the unknown as falling between the intensities of the same line in two adjacent reference spectra. The results of the analyses of the 149 samples and the 682 comparisons are summarized in table 8. These comparisons show that 69.3 percent of the semiquantitative results included the quantitative results within the reported % order of magnitude. The percent missed by % of an order is 29.9 percent, while only 0.7 percent is missed by more than % of an order. These results are shown graphically in figure 1. A diagonal line is drawn through the squares in which the results of the two methods are in the same order of magnitude. There are 133 misses by % of an order above the corresponding quantitative result and 71 misses by % of an order below the quantitative value. This small positive bias has not been resolved.
RESULTS AND DISCUSSION
The samples used for the data presented in this report have been selected to show the effects on accuracy and precision caused by various factors within the method. Several years of experience in applying this method to many routine determinations indicate that similar precision and accuracy are obtained for all the elements included in this procedure, that is, the assigned %-order of magnitude includes the quantitative value at least 60 percent of the time. 
with quantitative results by other methods for 5 elements in 8 igneous minerals and (G-l and W-l)
PREPARATION OF POWDER STANDARDS
A complete list of each of the standards used, showing the composition of the matrix and the concentration range, is given in table 9 Examples of preparation of 8 standards (1, 2, 4, 5, 10, 1-3, 17, and 18) are given in table 10. These standards have also been used for quantitative analysis. Data for preparing the dilutions of these standards are given in table 11.
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CONTRIBUTIONS TO GEOCHEMISTRY 
i For successive dilutions 3.712 g (8X0.464) the initial standard mixture is added to 4.288 g of matrix to produce 8 grams of the next lower standard mixture.
»X g of metal compounds plus Y g of matrix, the values of the two components depending on the standard mixture to be made, i.e., in this instance a 1.000 percent standard mixture resulted as shown above.
*Matrix used as blank for each standard.
